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© A method of manufacturing and testing inte- 
grated optical composites in which fiber pigtaiis are 
aligned with and attached to the optical output ports 
of a plurality of integrated optical components on a 
wafer, prior to separation into individual components. 
The multiple pigtails are arranged at the ends op- 
posite the wafer, to facilitate optical connections dur- 
ing active alignment and measurement testing. 

The integrated optics wafer (3a), (3b) and (3c), 
with waveguide paths (35-35n) has been prepared 
for fiber pigtail attachment, by the formation of fiber 
attachment ' supports (32/33) and .the exposing of 
output ports (36) and (36a) by .the formation of 
transverse exit groove (31). Although in a typical 
device, some of the ports are outputs ports (e.g., on 
one side) and other ports are input ports (e.g., on the 
other side) for the sake of simplicity, optical output 
ports as used herein may also include optical input 
ports. The wafer has been partially pre-diced to form 
inter-component gaps (40), but the component re- 
main connected by cross-connect segments (37) 
and (38) and (37a) and (38a). Pre-dicing may be 
carried out using conventional vibrating wire cutting, 
by stopping the operation before the dicing wire 
passes completely through the wafer. Other dicing 
means such as a multi-wire (vibrating) cutter or a 
multi-blade saw may also be used. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a method of 
manufacturing integrated optical devices and test- 
ing their performance. The invention is particularly 
concerned with the manufacture and testing of in- 
tegrated optical components which have optical 
fiber pigtails. 

Integrated optical components with fiber pig- 
tails are well known. See, Dohan et al. U.S. patent 
4,765,702, Beguin U.S. patent 4,933,262 and Dan- 
noux et al. U.S. patent 4,943,130. These compo- 
nents have been produced using ion exchange 
techniques. Dannoux et al. U.S. patent 4,979,970 is 
directed to a method of manufacturing an inte- 
grated optical component comprising, for example, 
a 2x2 optical waveguide proximity coupler, each 
end of the coupler having two optical fibers 
(pigtails) attached in optical alignment with two ion- 
diffused waveguides within a glass substrate. FIGs. 
2a and 2b of the present application depict a prior 
art 1x2 splitter/combiner of a similar structure. 

Pigtaiiing is a critical step in the manufacture of 
such integrated optical components. This step in- 
cludes both the alignment of the optical fiber 
waveguide paths with the ion-diffused waveguide 
paths, and the attachment of the fiber pigtail ends 
to the component surface. The alignment must be 
very precise, and the attachment must assure the 
stability of the alignment during environmental vari- 
ations (especially temperature fluctuations). Precise 
alignment is difficult, especially for single mode 
waveguides, whose core diameters are in the range 
of 5 - 10 microns. 

As described in Dannoux et al. U.S. patent 
4,979,970, the fiber pigtail ends may be precisely 
aligned with the optical circuit paths using a micro- 
manipulator, after initial approximate alignment by 
means of an external jig referenced to the compo- 
nent body (col. 4, lines 20 - 24 and 41 - 50). The 
micromanipulator is typically used in conjunction 
with optical detection means to provide active 
alignment - the- micromanipulator moves the fiber 
end back and forth in the vicinity of the component 
waveguide output port, until the detected optical 
signal is at a maximum. The precision of the micro- 
manipulator movements is on the order of a tenth 
of a micron. 

Once precise alignment is achieved by means 
of a micromanipulator, a glue joint is applied to the 
junction of the fiber and the component surface, 
and the glue is hardened (for example, by ul- 
traviolet light curing) to attach, the fiber pigtail to 
the component. 

Referring to FIGs. 2a and 2b, optical compo- 
nent 30 includes waveguide combiner/splitter 25 
separated by transverse exit groove 21 from bare 
fiber attachment support 22 and coated fiber at- 



tachment support 23. Transverse exit groove 21 
forms alignment space 20, which provides room for 
the micromanipulator to hold and move the optical 
fibers. To carry put active alignment, two micro- 
5 manipulators may be used simultaneously to align 
input fiber 27 and first output fiber 28. Once fiber 
27 and 28 are thus aligned, their precise alignment 
is maintained by glue joints 26 and 26a, and the 
fibers are securely attached to the component by 
io adhesive means 24 and 24a. The operation is 
repeated for fiber 29. For a 1 x 2 device all three 
fibers may be aligned and attached simultaneously, 
depending on the sophistication of the micro- 
manipulators and of the software driving them. 
15 In prior art techniques (see FIGs. 1a - 1c), the 

waveguide paths for numerous components are 
created simultaneously in a single wafer 5 by 
photolithographic techniques. Thereafter, the com : 
ponents are grooved (FIG. 1b) and separated (FIG. 
20 1c), and all further operations, such as pigtaiiing 
and packaging (assembly), measurement, charac- 
terization and testing are performed separately on 
the individual components. 

In the prior art fiber pigtaiiing process de- 
25 scribed above there are two separate alignment 
steps for each passive optical component: 1) initial 
approximate alignment (on the order of +/- 20 
microns); and 2) precision alignment (on the order 
of +/- 0.5 micron). This is a costly and time- 
30 consuming drawback. The initial approximate align- 
ment requires the most time, as the side surface of 
the component is often a poor reference point. 
Once the waveguide output port for one of the 
fibers on the multi-fiber side of a single device has 
35 been precisely located, the other output port or 
ports on this side of this device can be located 
without repeating the approximate alignment step. 
This is because the waveguide . paths are very 
precisely aligned with one another in the 
40 photolithographic masking stages of the process 
(better than 1 micron precision). However, the time- 
consuming approximate alignment step must be 
repeated for each new device. 

FIGs. 1a, 1b and 1c depict the individual com- 
45 ponent formation process of the prior art. FIG. 1a 
depicts an integrated optics wafer 5 in which the , 
waveguide paths have been formed (paths are not 
shown) for tens to hundreds of individual compo- 
nents. FIG. 1b depicts a wafer after fiber attach- 
so ment supports 2/3 and 2a/3a and transverse exit 
grooves 1 and 1a have been formed in the wafer, 
typically by grinding and typically after the 
waveguide paths have been formed in the wafer. 
The wafer is thereafter separated into individual 
55 components 10 by conventional methods. 

Within a single wafer, there is precise align- 
' ment between the waveguide paths of different 
components, due to the inherent precision of the 
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photolithographic process. However, when the wa- 
fer is separated into individual components, this 
precise alignment is destroyed. It is therefore an 
object of the present invention to preserve the 
precise alignment of the initial photolithographic 
process until the fiber pigtails are securely at- 
tached to the integrated optical components. 

Other steps in prior art manufacturing pro- 
cesses are also costly and time consuming when 
carried out separately for each individual compo- 
nent. For example, preparation and handling of 
individual optical fibers for attachment to numerous 
individual devices requires numerous separate re- 
petitive operations, such as stripping and fiber end 
face preparation (reduction of back reflections). 
This is especially true in the alignment and mea- 
surement stages of the manufacturing process, 
where the fiber ends opposite the component must 
be separately located in order to inject or detect an 
optical signal. It is therefore another object of the 
present invention to perform the manufacturing op- 
erations of assembly, packaging and measurement 
on a large number of components at a time, rather 
than separately on individual components, obviat- 
ing the necessity of creating a separate optical 
location and connection with the free end of each 
fiber pigtail. 

In addition, separate handling of individual 
components in the early stages of the manufactur- 
ing process is also time-consuming and costly. It is 
therefore an object of the present invention to 
maintain the compact integrity of the integrated 
optics wafer as long as possible in the manufacture 
and testing of integrated optical components. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present 
invention, the precise separation of the waveguide 
paths of different components within the integrated 
optics wafer is maintained during fiber pigtail align- 
ment and attachment, and- thereafter the wafer is 
separated into individual components. 

In accordance with another aspect of the 
present invention, the integrity of the integrated 
optics wafer and/or the mass pigtailing means is 
maintained through various degrees of mass manu- 
facturing, including mass pigtail assembly and/or 
mass packaging and/or mass measurement. 

Another aspect of the present invention relates 
to a method of manufacturing integrated optical 
devices having optical fiber pigtail means attached 
to optical output ports comprising the steps of:, a) 
forming a multiple unit structure comprising a plu- 
rality of optical device components, each of said 
optical device components having at least one op- 
tical output port; b) attaching at least one optical 
fiber pigtail means in optical communication with at 



least one optical output port on each of a plurality 
of said optical device components, while said plu- 
rality of optical device components are integrally 
connected; and, c) separating said multiple unit 

5 structure into a plurality of individual optical device 
components, said individual optical device compo- 
nents having attached optical fiber pigtail means. 

Another aspect of the present invention relates 
to a method of manufacturing integrated optical 

70 components having optical fiber pigtail means at- 
tached to optica! output ports comprising the steps 
of: a) combining a plurality of optical fibers into a 
ribbon structure; b) maintaining the fiber end sur- 
faces at a first end of the ribbon in a fixed relation 

75 to each other; and, c) actively aligning the fiber end 
portions at the second end of the ribbon with the 
waveguide output ports of a plurality of integrated 
optical components, while maintaining said fiber 
end surfaces at said first end of said ribbon in a 

20 fixed relation to each other to facilitate injection and 
detection of light signals during said active align- 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

FIGs. 1a - 1c are perspective views of a prior 
art integrated optics wafer with multiple optical 
elements, showing the wafer after squaring off (1a), 
after the transverse exit groove and fiber supports 
30 have been machined (1b), and after the wafer has 
been separated into individual optical components 
(1c). 

FIGs. 2a and 2b are perspective and side 
views of a prior art integrated optical component 
35 after fiber attachment. 

FIGs. 3a - 3c are end, side and perspective 
views of an integrated optics wafer during one 
stage of the present invention with the multiple 
optical components pre-diced but not fully sepa- 
40 rated. 

FIG. 4a is a perspective view of the pre-diced 
wafer during the fiber attachment stage of the 
present invention. 

FIG. 4b is a top view of the pre-diced wafer 
45 after fiber attachment. 

FIG. 4c is a perspective view of the pre-diced 
wafer with fibers attached, showing the attachment 
of multiple U-shaped metal foil packaging units. 
FIGs. 5a and 5b are end views of the wafer 
50 showing packaged optical components during arid 
immediately after separation. 

FIG. 6 is a perspective view of a plurality of 
packaged 1x2 optical components during a further 
packaging stage, utilizing a multi-cavity mold. 
55 FIG. 7 is a perspective view of a plurality of 

packaged 1x2 optical components ready for ther- 
mal and/or optical testing: 
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FIG. 8 is a perspective view of a single fully 
packaged 1x2 optical component, boxed for ship- 
ment 

FIG. 9 is a perspective view of a plurality of 
packaged 1x8 optical components ready for ther- 
mal and/or optical testing. 

FIG. 10 is a perspective view of a single fully 
packaged 1x8 optical component, boxed for ship- 
ment. 

DETAILED DESCRIPTION 

The integrated optics wafer of FIGs. 3a, 3b and 
3c, with waveguide paths 35-35n has been pre- 
pared for fiber pigtail attachment, by the formation 
of fiber attachment supports 32/33 and the expos- 
ing of output ports 36 and 36a by the formation of 
transverse exit groove 31. Although in a typical 
device, some of the ports are output ports (e.g., on 
one side) and other ports are input ports (e.g., on 
the other side) for the sake of simplicity, optical 
output ports as used herein may also include op- 
tical input ports. The wafer has been partially pre- 
diced to form inter-component gaps 40, but the 
components remain connected by cross-connect 
segments 37 and 38 and 37a and 38a. Pre-dicing 
may be carried out using conventional vibrating 
wire cutting, by stopping the operation before the 
dicing wire passes completely through the wafer. 
Other dicing means such as a multi-wire (vibrating) 
cutter or a multi-blade saw may also be used. 

In the embodiment of the invention that is 
depicted in FIGs. 3a - 3c, portions of the bottom 
layer of the wafer have been removed, making the 
cross-connect segments relatively thin, in order to 
facilitate later separation. In addition, the cross- 
connect segments or other integral connections 
may be scored or scribed with a diamond scoring 
means to facilitate form scoremarks 39 - 39n which 
facilitate ultimate separation after fiber pigtailing 
and/or further packaging. 

The interior cross-connect segments 38 and 
38a are preferably not located directly under trans- 
verse exit groove 31, which presents the thinnest 
region of the wafer. When the individual compo- 
nents are snapped apart or sawed micro-cracks 
may appear in the wafer, and it is preferable to 
prevent the formation of micro-cracks directly un- 
der the thinnest region of the wafer. 

Relatively thin cross-connect segments facili- 
tate separation, and they allow free spaces be- 
tween the components for the injection of the pack- 
aging glue prior to separation when a composite 
foil is used to provide U-clip packaging (see FIG. 
4c and the related discussion below). 

Other integrated connection means may be 
used in alternative embodiments of the present 
invention. For example, cross-connect strips, simi- 



lar to the cross-connect segments, may be se- 
curely attached to the wafer prior to the pre-dicing 
step using suitable adhesive or other attachment 
means. In this embodiment, the dicing step may 

5 cut completely through the wafer, so that the in- 
dividual components may be separated by remov- 
ing the adhesive means, using heat, in the case of 
a wax, or a solvent, in the case of a epoxy. The 
cross connect strips are preferably wider than the 

io cross connect segments. 

In yet another embodiment of the present in- 
vention, the pre-dicing may be carried out from the 
side of the wafer opposite the waveguide paths 
(rather than from the waveguide side as depicted in 

75 FIGs. 3a and 3c). To separate the wafer into in- 
dividual components, the wafer top is scored be- 
tween the components, and the components are 
snapped apart. This embodiment allows for a great- 
er packing density of components on the wafer, as 

20 a relatively thick pre-dicing cut is not necessary 
between the waveguide paths. The cuts on the 
wafer underside may be under one or more of the 
waveguide paths. The components in this embodi- 
ment are typically T-shaped with the waveguides in 

25 the cross-bar (top) of the n T". For an 0.8mm thick 
1x2 device the cross-bar of the "T" is about 0.8mm 
thick, while the vertical bar may be only 0.5mm 
thick. Packaging is typically carried out after sepa- 
ration. 

30 The wafer of FIGs. 3a - 3c depicts eight 1x2 

components, although a typical wafer would include 
forty (40) - eighty-five (85) or more 1x2 compo- 
nents. In FIG. 4a, a portion of the wafer of FIGs. 3a 
- 3c is shown during the pigtail alignment and 

35 attachment stage. Fiber pigtail alignment and at- 
tachment may be carried out in succession for the 
fibers on each side of the integrally connected 
components, using techniques similar to those de- 
scribed in Dannoux et al. U.S. patent 4,979,970, 

40 which is incorporated herein by reference. In FIG. 
4a, alignment and attachment has been carried out 
for the first three components, and the process is 
underway for the fourth component. 

In a preferred embodiment of the present in- 

45 vention, the fibers are aligned for a first component 
by micromanipulation means 41, 42 and 43, using 
a first approximate alignment and a second precise 
alignment, carried out within transverse exit 
grooves 50 and 50a. As depicted in FIG. 4a, the 

50 three micromanipulators means 41, 42 and 43 op- 
erate together to actively align input fiber 47a and 
output fibers 48n and 49n. First, fibers 47n and 49n 
are aligned and attached, and thereafter or simulta- 
neously, fiber 48n is aligned and attached. The 

55 micromanipulation means include angled comb 
means (multiple V-grooves) or finger means (pliers) 
for positioning the fibers within the transverse exit 
grooves. The fibers may be bent to provide a 
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secure contact with the positioning means. In the 
attachment stage, UV sensitive glue joint 56 and 
adhesive means 44 are applied and cured by ul- 
traviolet light. 

Once the first component has been aligned and 
attached, the position of the waveguide output 
ports is stored, and the micromanipulation means 
steps to the next component using these stored 
positions as reference locations. These positions 
are compared to the known separation distances 
which have been established by the photolithog- 
raphic mask. Thus, the time-consuming and costly 
first approximate alignment stage is no longer nec- 
essary for any component after the first. 

In an alternative embodiment of the present 
invention (not shown), a multiple fiber micro- 
manipulation means may be used to attach mul- 
tiple fibers to multiple components simultaneously, 
depending on the sophistication of the micro- 
manipulation means and the required precision of 
alignment. 

After the UV curing has been completed for 
fiber pigtails of all the components, a thermal cur- 
ing stage is preferably carried out, to improve the 
mechanical characteristics of the glue, and to im- 
prove the glue/wafer interface. 

FIG. 4b is a top view of the pre-diced wafer 
after the fiber pigtails have been aligned and at- 
tached, ready for further packaging. 

FIG. 4c is a perspective view of a single pack- 
aging step for the multiple connected components, 
using a composite foil 60 comprising a set of U-clip 
packaging elements 61. U-clips 61 cover the in- 
dividual components and form the outer surface of 
a sealed package. These U-clip packaging ele- 
ments are further described in Dannoux U.S. patent 
application Ser. No. 07/593,903 which is assigned 
to the assignee of the present invention and is 
incorporated herein by reference. U-clip indents 62 
assist in the protection of the fiber/substrate junc- 
tion from interference due to packaging sealant. 

Once composite foil 60 has been inserted over 
the pre-diced wafer, the individual components 
may be sealed using a sealant injection method for 
one or more components at a time, or a dip sealing 
process for the entire wafer. For cross-connect 
segments or cross-connect strips which only par- 
tially cover the underside of the wafer, open 
spaces are exposed between the cross-connect to 
allow application of the sealant from underneath the 
wafer. In the sealant injection method, a multi-head 
injection devices (e.g., a robot) may be used to 
direct the sealant through particular openings. For 
dip sealing, the wafer may be partially lowered into 
a sealant bath, with sealant entering the U-clip 
coverings by a wicking action. 

At this point, the integrally connected compo- 
nents are ready for separation. FIGs. 5a and 5b 



depict a sawing operation whereby cross-connect 
segments 57, 58, 57a and 58a are removed, leav- 
ing the individual pigtailed components 70 - 70n 
(with coated fibers 47/48/49 - 47n/48n/49n) ready 

5 for further packaging, measurement, characteriza- 
tion and testing. Alternatively, score marks 59 - 59n 
may be used to facilitate snapping off the individual 
pigtailed components without sawing. 

Individual U-clip packaging elements may be 

70 utilized alternatively, after the individual compo- 
nents have been separated. 

FIG. 6 depicts a further packaging step wherein 
the individual components are encapsulated using 
injection molding techniques. Multi-cavity mold 74, 

75 including injection cavities 73-73n may be used in 
conjunction with a mated upper mold (not shown) 
using standard injection molding techniques. Boot 
molds 71-71n and 72-72n may be used to create 
boots 81 and 81a (see FIG. 7), to protect the 

20 component against fiber disattachment due to pig- 
tail bending. 

Some of this additional packaging, for example 
the creation of boots 81 and 81a (see FIG. 7) may 
be carried out prior to the separation stage de- 

25 picted in FIGs. 5a and 5b. 

FIGs. 6 and 7 depict another aspect of the 
present invention, wherein the pigtail fiber ends 
opposite the component substrates are held to- 
gether to facilitate mass pigtailing and mass pack- 

30 aging and later measurement, characterization and 
testing of multiple components. In a preferred em- 
bodiment of the invention, array means 87 is used 
to fix in place the ends of input fibers 47 - 47n. The 
fiber ends are precisely separated to facilitate core 

35 location and light injection that is required during 
measurement, characterization and testing. Once 
the fiber ends are secured by array means 87, the 
fibers held together in the form of a ribbon. This 
ribbon of fibers facilitates the alignment and attach- 

40 ment of individual fibers to the pre-diced wafer as 
depicted in FIG. 4a. 

In addition, the ribbon of fibers facilitates mass 
fiber preparation, including cleaving, stripping of 
the coating, and end preparation to reduce back 

45 reflection, for example by means of an HF acid 
etch. 

The ribbon of fibers may be formed by con- 
ventional means, such as winding a single fiber 
around a reel. For pigtails 1.0m in length, a reel 

so having a 0.5m diameter may be used, giving about 
0.5m of extra fiber. The wound fibers may be 
clamped in place and cleaved, forming a ribbon of 
fibers, each having a length equal to the circum- 
ference of the reel. The clamped ribbon of fibers 

55 may thereafter be secured by fixing the fiber ends 
at one end of the ribbon, for example by use of 
array means 87. Any suitable ribbon means may 
be used which allows for separation into individual 
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fibers at some point toward the end of the manu- 
facturing process. Loose tube jacketing means may 
also be used to protect the fibers in the ribbon, 
where cabled and/or connectorized pigtails are de- 
sired. 

Output fiber bundling means 88 and 89 are 
also used to form ribbons or other bundles for the 
output fibers 48 - 48n and 49 - 49n, respectively. 
Once the two output fiber bundles have been 
formed, the fibers from the two bundles may be 
interleaved, so that all the first output fibers (48 - 
48n) terminate in first output fiber bundling means 
88, and all the second output fibers (49 - 49n) 
terminate in fiber bundling means 89. Interleaving 
may be accomplished by flattening the two fiber 
bundles into ribbons and positioning the ribbon 
attached to bundling means 89 above the ribbon 
attached to bundling means 88, with the top ribbon 
laterally offset from the bottom ribbon so that fiber 
49 is positioned above the space between fiber 48 
and 48a. Interleaving results when the two ribbons 
are merged, by suitable tooling or other means. 

It is not absolutely necessary for the ends of 
output fibers 48 - 48n and 49 - 49n to be precisely 
separated during active alignment and during mea- 
surement, characterization and testing. This is be- 
cause a large detector may be used to measure 
the light -output from each complete bundle as the 
input light is precisely injected into fibers 47 - 47n 
with the aid of array means 87. When the light is 
injected into a single input fiber, e.g., 47, an output 
is generated through the two output fibers, eg., 48 
and 49, in 1x2 component 80. The two large detec- 
tors may be used to cover the end-faces of all 
fibers in the two fiber bundles, so that they ac- 
curately detect the light output of the two separate 
fibers that are receiving the light split from input 
fiber 47. 

For active pigtail alignment on a wafer of 1x2 
devices, a single moving multimode fiber may be 
used to inject light into the input fibers in succes- 
sion, and one or two moving multimode fibers may 
be used to transmit light between individual output 
fibers and one or two detectors. In such a case, the 
ends of output fibers must be separated with some 
degree of precision. Similarly, for 1x8 devices (see 
below with reference to FIG. 9) a single multimode 
fiber may be used to inject light into the arranged 
input fibers, and eight (8) multimode fibers may be 
used to transmit between the individual output fi- 
bers in eight output fiber arrays and eight detec- 
tors. The choice between output bundles and out- 
put arrays is typically a trade-off between the cost 
of large detectors and that of additional fiber posi- 
tioning means. 

In the final absolute insertion loss measure- 
ment, single mode connecting fiber is used for 
single mode device pigtails, along with a fiber 



cutback procedure. The mass pigtails of the 
present invention facilitate mass cleaving in this 
cutback procedure. 

In this manner, the present invention eliminates 
5 the necessity for separately connecting the individ- 
ual fibers of each component to suitable measure- 
ment or testing apparatus. After all packaging and 
testing is completed, the individual components 
may be separated by cleaving or otherwise remov- 

w ing the fibers from the array means 87 and bun- 
dling means 88 and 89. The individual components 
may. then be packaged in individual boxes as 
shown in FIG. 8. 

FIG. 9 depicts a similar mass fiber assembly 

75 for a plurality of 1x8 waveguide splitter/combiner 
components 90 - 90n. Such 1x8 devices may be 
formed by lithographic techniques similar to those 
described above for 1x2 devices (see e.g. Bellerby 
etal., "low cost silica-On-Silicon SM 1:16 Optical 

20 Power Splitter for 1550nm", E-FOC LAN '90, IGl 
Europe June 27-29, 1990 pp. 100-103. In the em- 
bodiment depicted, array means 100 for input fi- 
bers 99 - 99n (extending from the component 
through fiber boot means 110 - 11 On) is substan- 

25 tially the same as array means 87 in FIG. 6. Each 
device has eight output fibers, e.g., 91 - 98 
(extending from the component through fiber boot 
means 111 - 11 1n), and therefore eight bundling 
means 101 - 108 are used to form eight fiber 

30 bundles, each bundle comprising one particular 
output leg (1 - 8) from all the components. During 
the pigtailing process, the fibers from the eight 
bundles may be interleaved as described above 
with respect to fiber bundling means 88 and 89 for 

35 the 1x2 components. The eight sets of fibers are 
positioned in ribbons staged one above another, 
each ribbon laterally offset from the ribbon below it. 
Interleaving results when the ribbons are merged. 
Measurement, characterization and testing of 

40 the set of 1x8 components are carried out in a 
manner similar to that described above with re- 
spect to FIG. 7 for the 1x2 components. In one 
embodiment, light is precisely injected into a par- 
ticular input fiber, e.g., 99, and the outputs of the 

45 eight output fibers, e.g., 91 - 98, are detected by 
detectors arranged in front of the fiber endfaces 
grouped together by fiber bundling means 101 - 
108. The process is repeated for each component 
by stepping the light input across the input fiber 

50 endfaces fixed in position by array means 1 00. 

FIG. 10 depicts an individual 1x8 component 
90 boxed for shipment, with input fiber 99 
(extending from the component through fiber boot 
means 110), and output fibers 91 - 98 (extending 

55 from the component through fiber boot means 
111), arranged within box 112 in looped fashion. 

In one example of the present invention, a 
squared off wafer with 33 1x2 multi mode splitters 
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was pigtailed prior to separation of the compo- 
nents. Loose tube jacketing means were included. 
Clamp bars were used to hold the multiple pigtails 
in two ribbons, one with 33 jacketed fibers and the 
other with 66 jacketed fibers. The ends of the 33 5 
input and 66 output fibers opposite the wafer were 
secured in an array means so that the 99 fibers 
were arrayed with their ends parallel. The wafer 
was 33mm wide, 34mm long, and 3mm thick. The 
individual components were roughly .7mm wide, ?o 
with a pre-dicing saw cut roughly .3mm wide. The 
splitters were measured after pigtailing while still 
integrally connected, and they all showed an ex- 
cess intrinsic loss of <1dB. 

It is to be understood that the invention is not 75 
limited to the exact details of construction, opera- 
tion, materials or embodiments shown and de- 
scribed, as modifications and equivalents will be 
apparent to one skilled in the art without departing 
from the scope of the invention. For example, the 20 
invention is not limited to combiner/splitters, but 
may be applied to the manufacture of any in- 
tegrated optical component which has optical fiber 
pigtails. The invention may be applied to wafers 
with a plurality of MxN integrated optical compo- 25 
nents in general, utilizing M inputs and N outputs, 
for example 2x16 devices or MxN proximity cou- 
pler devices. It is advantageous to manufacture 
these MxN devices using M input ribbons and N 
output ribbons comprising one fiber for attachment . 30 
to a particular output port of each of the plurality of 
integrated optical components. The ends of said 
ribbons opposite said components may be arrayed 
or bundled to facilitate active alignment or testing. 

In addition, the mass processing aspects of the 35 
present invention may be applied to the mass 
pigtailing stage and/or mass packaging and/or 
mass measurement. Accordingly, the invention is 
to be limited only by the scope of the appended 
claims. ' 40 

Claims 

1- A method of manufacturing integrated optical 

devices having optical fiber pigtail means at- 45 
tached to optical output ports comprising: 

a) forming a multiple unit structure compris- 
ing a plurality of optical device components, 
each of said optical device components 
having at least one optical output port; 50 

b) attaching at least one optical fiber pigtail 
means in optical communication with at 
least one optical output port on each of a 
plurality of said optical device components, 
while said optical device components are 55 
integrally connected; and, 

c) separating said multiple unit structure 
into a plurality of individual optical device 



components, said individual optical device 
components having attached optical fiber 
pigtail means. 

2. The manufacturing method of claim 1 , wherein 
prior to said attaching step, said multiple unit 
structure is pre-diced to partially separate said 
optical device components, while leaving them 
integrally connected, and optionally, wherein 
said optical device components include optical 
waveguide paths in optical communication with 
said at least one optical output ports, and 
wherein said pre-dicing step comprises a plu- 
rality of cuts parallel to axes of said waveguide 
paths of adjacent components, and wherein 
said optical waveguide paths are near the top 
surface of the multiple unit structure, and said 
plurality of cuts are made from said top sur- 
face, or from the surface of said multiple unit 
structure opposite said top surface. 

3. The manufacturing method of claim 2, wherein 
said pre-dicing step further comprises at least 
one cut perpendicular to the axes of said 
waveguide paths, to form cross-connect seg- 
ments which facilitate later separation, and 
wherein said separating step comprises remov- 
ing said cross-connect segments or scoring or 
scribing said cross-connect segments to facili- 
tate breaking them apart. 

4. The manufacturing method of claim 1, further 
comprising the step of scoring or scribing a 
surface of the multiple unit structure, to facili- 
tate later separation. 

5. The manufacturing method of claim 2, wherein 
said multiple unit structure further comprises 
cross-connect strips attached to an integrated 
optics wafer, and wherein said pre-diced in- 
dividual optical device components may be 
separated in said separating step by elimina- 
tion of said attachment. 

6. The manufacturing method of claim 1, further 
comprising the step packaging said plurality of 
optical device components prior to said sepa- 
rating step, and optionally wherein the step of 
packaging said plurality of optical device com- 
ponents prior to said separating step includes 
the step of assembling U-clip packaging ele- 
ments around said optical device components 
and sealing said U-clips to said components, 
said sealing step comprising injecting sealant 
into said U-clips with a multi-head sealant in- 
jection means, or wherein said multiple unit 
structure comprises cross-connect means to 
maintain the integrity of the structure while 
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providing open spaces between the optical de- 
vice components, and wherein said sealing 
step comprises dipping the multiple unit struc- 
ture in a sealant bath. 

5 

7. The manufacturing method of claim 1, further 
comprising the step of testing said plurality of 
optical device components after said attaching 
step and prior to said separating step. 

70 

8. A method of manufacturing integrated optical 
components having optical fiber pigtail means 
attached to optical output ports comprising: 

a) combining a plurality of optical fibers into 
at least one ribbon structure; 75 

b) maintaining the fiber end surfaces at a 
first end of said at least one ribbon in a 
fixed relation to each other; and, 

c) actively aligning the fiber end portions at 

the second end of said at least one ribbon 20 
with the waveguide output ports of a plural- 
ity of integrated optical components, while 
maintaining said fiber end surfaces at said 
first end of said at least one ribbon in a 
fixed relation to each other to facilitate injec- 25 
tion and detection of light signals during 
said .active alignment. 

9. The manufacturing method of claim 8, wherein 

said plurality of integrated optical components 30 
comprise MxN combiner/splitters having M in- 
puts and N outputs, and wherein M input rib- 
bons and/or N output ribbons are used during 
said, active alignment step, each ribbon com- 
prising one fiber for attachment to a particular 35 
output, port of each of said plurality of in- 
tegrated optical components, and optionally 
wherein the ends of said ribbons opposite said 
components are arrayed or bundled. 

40 

10. The manufacturing method of claim 8 or claim 
9, further comprising the step of: 

testing said plurality of integrated optical 
components, while maintaining said fiber end 45 
surfaces at said first end of said at least one 
ribbon or ribbons in a fixed relation to each 
other to facilitate injection and detection of 
light signals during said active testing. 

50 

11. The manufacturing method of claim 8, wherein 
the fiber end surfaces at said second end of 
said at least one ribbon are arrayed together 
prior to said active aligning step, and further 
comprising roughening said fiber end surfaces 55 
at said second end in a mass roughening step 
prior to said active aligning step. 
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